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Polymeric Film 

This invention relates to a polymeric film and, in particular, to a polymeric film 

for laminating to metal sheet. 

Metal sheet laminated with polymeric materials is known, and used, inter alia. 
5 for forming cans such as drawn and wall-ironed cans (known as DWI cans) and drawn 
and redrawn cans (known as DRD cans). Metal sheet for can making, such as 
aluminium or tinplate. is laminated with polymeric materials containing white pigments 
when a can exhibiting a white appearance is required. DWI cans are produced by 
forming a cup from a sheet of a metal sheet laminated with polymeric material, and 
1 o forcing a punch into the metal cup in a die to form a can body. Unfortunately the use of 
prior art white pigmented polymeric materials may result in excessive wear of the 
punch and/or die, and/or scoring of the resultant can surface. 

We have now devised a polymeric film suitable for laminating to metal sheet 
which reduces or substantially overcomes the aforementioned problem. 
1 5 Accordingly, the present invention provides a polymeric film comprising a 

polyethylene terephthalate first layer having on a first surface thereof an opaque 
polyester second layer, wherein the melting point of the polyester material of the 
second layer is in the range from 20°C to 60X less than the melting point of the 
polyethylene terephthalate of the first layer. 
20 The invention also provides a method of producing a polymeric film which 

comprises forming a polyethylene terephthalate first layer, providing an opaque 
polyester second layer on a first surface of the first layer, wherein the melting point of 
the polyester material of the second layer is in the range from 20«C to 60«C less than 
the melting point of the polyethylene terephthalate of the first layer. 
25 The polyethylene terephthalate of the first layer may be obtained by 

condensation polymerisation of terephthalic acid with ethylene glycol. By polyethylene 
terephthalate is meant the homopolymer. and copolymers containing small amounts of 
units derived from other glycols and diacids. with the proviso that the melting point of 
the homo- or copolymer is greater 256X, preferably in the range from 258°C to 265*C. 
30 more preferably 259'C to 262"C. The polyethylene terephthalate may contain minor 
amounts, eg up to 4 mole %. preferably up to 2 mole % of units derived from glycols 
other than ethylene glycol. Suitable other glycols include 1 ,3-propanediol. 
1.4-butanediol. neopentyl glycol and 1 ,4-cyclohexanedimethanol. The polyethylene 
terephthalate preferably contains 100 mole % of terephthalate units. The polyethylene 
35 terephthalate is preferably the homopolymer containing 1 00 mole % of ethylene 
terephthalate units. 
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The polyene™ ,e re p«h«ate mm Is pmferab!, biaxial* ortented by «,„.«*, 
^TT "In mU " ,a " y P6,PenaiCU " r «■»*■* - a temped in I 

from 150 lo 250-c, for example as described In G&A-838708 

^ od«d JT.T ,,y0f " * P °' yn "* ™ m a ° C °' d " ,i ' '° "» """«■» be uniaxtoHy 
onerrted. bo. Is preferebly biaxiaKy ortemed by draw** ,„ ^ mmm , p ^ >aMic J r 

and physea. properbes. Formadon o, ■» fflm „, * effeaefl ^ >ny J 

adforpmduano an .dented Pd-ye^er* ,erepMb„a t a mm. JLmpLa 
10 tubular or flat film process. \ «*ampiea 

in a tubular process simultaneous biaxial orientation may be effected by 
extrud.no a thermoplastics polyethylene terephthalate tube which is subsequently 
quenched, reheated and then expanded by internal gas pressure to induce transverse 
onentauon, and withdrawn at a rate which will induce longitudinal orientation 

mmJZT 'T 6 ^ ^ mm Pr ° CeSS 8 fi,m " formin 9 ^ethylene terephthalate is 
eluded through a slot die and rapidly quenched upon a chilled casting drum to ensure 

polyester is quenched to the amorphous state. Orientation is then effected by 
TTZT 6XtrUdate * " eaSt ° ne dlrerti0n a < a temperature above the 

^SZ^T"*" 01 ^ PO,y6thytene terepMha,ate - Sequenua, orientation 

" fl 3 qU6nChed 6XtrUdate fi( ** in one direction, usually 

2 Z 7' ' ie fOWard ^ - ■» aching machine, 

end then ,n the transverse direction. Forward stretching of the extrudate is 

conveniently effected over a set of rotating rolls or between two pairs of nip rolls 

transverse stretching then being effected in a stenter apparatus. Polyethylene ' 

te^phthaiate is preferably stretched so that the dimension of the oriented film is from 

2.5 to 4.5 t>mes Its original dimension in the. or each direction of stretching 

A stretched film may be. and preferably is. dimensionally stabilised by 

heat-setting under dimensional restraint at a temperature above the glas s transition 

temperature of the film-forming polyethylene terephthalate but below the melting 

temperature thereof, to induce crystallisation of the polyethylene terephthalate 

The second layer should be capable of forming a heat-seal bond to a metal 

sheet, by heating to soften the polyester materia, of the second layer and applying 

pressure without softening or melting the polyethylene terephthalate of the first layer 

deri ™ 6 S6C0nd ,8yer 00 "* rt ~ a Particularly a polyester resin 

denved fiom one or more dibasic aromatic carboxylic acids, such as terephthalic acid 
•sophthanc a«d. phthalic acid, hexahydroterephthalic add. succinic acid. Laic add 
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adipic acid, and sebacic acid, and one or more glycols, such as ethylene glycol, 
diethylene glycol. Methylene glycol, propylene glycol, 1,3-butane diol. 1,4-butane diol. 
1,5-pentane diol, 2,2-dimethyl 1,3-propane diol and neopentyl glycol. Typical 
polyesters which provide satisfactory heat-sealable properties include copolyesters 
5 such as those of ethylene terephthalate and ethylene isophthalate. especially in the 

molar ratios of from 50 to 90 mole % ethylene terephthalate and from 10 to 50 mole % 
ethylene isophthalate. Preferred copolyesters comprise from 65 to 85 mole %. more 
preferably 75 to 85 mole % ethylene terephthalate and from 15 to 35 mole %. more 
preferably 15 to 25 mole % ethylene isophthalate, and especially a copolyester of about 

10 82 mole % ethylene terephthalate and about 18 mole % ethylene isophthalate. 

In an alternative embodiment of the invention, the second layer preferably 
comprises in the range from 50 to 100 mole %, more preferably 80 to 100 mole %. 
particularty 95 to 100 mole %. and especially 100 mole % of polybutylene 
terephthalate. The second layer may comprise a copolyester, preferably a block 

1 5 copolyester. of butylene terephthalate and any one or more of the aforementioned 
dicarboxylic acids and/or glycols. Preferred copolyesters are block copolymers of 
butylene terephthalate and ethylene terephthalate. especially in the molar ratios of 50 
to 95 mole % of butylene terephthalate and 5 to 50 mole % of ethylene terephthalate. 
Formation of a polymeric film according to the invention may be effected by 

20 conventional techniques, for example by laminating together a preformed first layer 
and a preformed second layer, or by casting, for example, the first layer onto a 
preformed second layer. Conveniently, however, formation of a polymeric film is 
effected by coextrusion. either by simultaneous coextmsion of the respective 
film-forming layers through independent orifices of a multi-orifice die. and thereafter 

25 uniting the still molten layers, or. preferably, by single-channel coextrusion in which 

molten streams of the respective polymers are first united within a channel leading to a 
die manifold, and thereafter extruded together from the die orifice under conditions of 
streamline flow without intermixing thereby to produced multilayer polymeric film. 
The preferred coextruded polymeric film is stretched to effect molecular 

30 orientation of the first layer and/or the second layer, and preferably heat-set. 

Generally, the conditions applied for stretching the polymeric film will induce partial 
crystallisation of the second layer polymer and it is therefore preferred to heat set under 
dimensional restraint at a temperature selected to develop the desired morphology of 
the second layer. Thus, by effecting heat-setting at a temperature below the crystalline 

35 melting temperature of the second layer polymer and permitting or causing the 

polymeric film to cool, the second layer polymer will remain essentially crystalline or 
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sem,-crystal«ine. However, by heat-setting at a temperature greater than the crystalline 
meiung temperature of the heat-sealing polymer, the latter will be rendered essentially 
amorphous. Heat-setting of a polymeric film comprising a polyethylene terephthalate 
first layer and a copolyester second layer is conveniently effected at a temperature 
wrthm a range of from 140 to 200'C to yield a substantially crystalline second layer or 
from 200 to 250'C to yield an essentially amorphous second layer. Heat-setting is ' 
preferably performed within a range of from 140 to 180'C. more preferably from 145 to 
155°G. 

In a particularly preferred embodiment of the invention, the melting point of the 
polyester material of the second layer is in the range from 30'C to 55'C more 
preferably 40«C to 50'C. and particularly 44X to 47'C less than the melting point of 
the polyethylene terephthalate of the first layer. The melting point of the polyester 
material of the second layer is preferably in the range from 200«C to 240'C more 
preferably 205X to 230"C, and particularly 21 0'C to 220»C. 

in a preferred embodiment of the invention, both the first and second layers are 
crystalline or semi-crystalline. The first layer preferably has a degree of crystallinity in 
the range from 30% to 50%. more preferably 35% to 45%. and particularly 38% to 
42%. The second layer preferably has a degree of crystallinity in the range from 25% 
to 45%. more preferably 30% to 40%. and particularly 33% to 37%. 

The first layer is preferably transparent by which is meant substantially 
permeable to visible light. The first layer preferably exhibits a Transmission Optical 
Density (TOD) (Sakura Densitometer; type PDA 65. transmission mode) in the range 
from 0.005 to 0.2. more preferably 0.02 to 0.15. and particularly 0.03 to 0.1 . The 
aforementioned TOD values are particularly applicable to a first layer having a 
thickness of 5 pm. The first layer is preferably essentially unfilled, although relatively 
small amounts of filler may be present to improve handleability of the film. The first 
layer preferably comprises less than 2%. more preferably less than 0 5% and 
particularly less than 0.25% by weight of filler material, based on the weight of the first 
layer polyethylene terephthalate. Any inorganic filler present in the first layer is 
preferably of the non-voiding type. China clay is a preferred inorganic filler for use in 
the first layer. The china clay preferably has an average particle size in the range from 
0.1 to 10 pm. more preferably 0.5 to 1.5 pm. 

The first layer of a polymeric film according to the invention preferably exhibits 
a Deformation Index (Dl) less than that of the second layer. The Dl of the first layer is 
preferably less than or equal to 4.0%. more preferably less than or equal to 3.5% and 
particularly less than or equal to 2.5%. 
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The second layer is opaque, by which is meant substantially impermeable to 
visible light. The second layer preferably exhibits a Transmission Optical Density 
(TOD) (Sakura Densitometer; type PDA 65; transmission mode) in the range from 0.2 
to 1 .5, more preferably 0.25 to 1.25. particularly 0.35 to 0.75, and especially 0.45 to 
5 0.65. The aforementioned TOD values are particularly applicable to a second layer 
having a thickness of 20 pm. The second layer is conveniently rendered opaque by 
incorporation into the polyester material thereof, of an effective amount of an 
opacifying agent. Suitable opacifying agents include an incompatible resin filler, a 
particulate inorganic filler or a mixture of two or more such fillers. 

1 0 By an "incompatible resin" is meant a resin which either does not melt, or which 

is substantially immiscible with the polymer, at the highest temperature encountered 
during extrusion and fabrication of the layer. The presence of an incompatible resin 
usually results in a voided second layer, by which is meant that the second layer 
comprises a cellular structure containing at least a proportion of discrete, closed cells. 

1 5 Suitable incompatible resins include polyamides and olefin polymers, particularly a 
homo- or co-polymer of a mono-alpha-olefin containing up to 6 carbon atoms in its 
molecule, for incorporation into polyester second layers. Preferred materials include a 
low or high density olefin homopolymer. particularly polyethylene, polypropylene or 
poly-4-methylpentene-1. an olefin copolymer, particularly an ethylene-propylene 

20 copolymer, or a mixture of two or more thereof. Random, block or graft copolymers 

may be employed. 

The amount of incompatible resin filler present in the second layer is preferably 
in the range from 2% to 30%. more preferably 3% to 20%. particularly 4% to 15%. and 
especially 5% to 10% by weight, based on the weight of the second layer polymer. 

25 Particulate inorganic fillers suitable for generating an opaque second layer 

include conventional inorganic pigments and fillers, and particularly metal or metalloid 
oxides, such as alumina, silica and titania. and alkaline metal salts, such as the 
carbonates and sulphates of calcium and barium. The' particulate inorganic fillers may 
be of the voiding or non-voiding type. Suitable particulate inorganic fillers may be 

30 homogeneous and consist essentially of a single filler material or compound, such as 
titanium dioxide or barium sulphate alone. Alternatively, at least a proportion of the 
filler may be heterogeneous, the primary filler material being associated with an 
additional modifying component. For example, the primary filler particle may be 
treated with a surface modifier, such as a pigment, soap, surfactant coupling agent or 

35 other modifier to promote or alter the degree to which the filler is compatible with the 
second layer polyester. 
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approximately 100% by weight of rutile. The particles can be prepared by standard 
procedures, such as using the chloride process or sulphate process. 

In one embodiment of the invention the titanium dioxide particles are coated 
preferably with inorganic oxides such as aluminium, silicon, zinc, magnesium or 
5 mixtures thereof. It is preferred that the coating additionally comprises an organic 
compound, such as alkanols and fatty acids, preferably having from 8 to 30, more 
preferably 12 to 24 carbon atoms. Polydiorganosiloxanes or polyorgano- 
hydrogensiloxanes, such as polydimethylsiloxane or polymethylhydrogensiloxane are 
particularly preferred. 

n q me coating is applied to the titanium dioxide particles in aqueous suspension. 

The inorganic oxides are precipitated in aqueous suspension from water-soluble 

compounds such as sodium aluminate, aluminium sulphate, aluminium hydroxide, 

aluminium nitrate, silicic acid or sodium silicate. 

The coating layer on the titanium dioxide particles is preferably in the range 
15 from 1 to 12%, more preferably 2 to 6% of inorganic oxides, and preferably in the range 

from 0.5 to 3%. and more preferably 0.7 to 1.5% of organic compound, by weight 

based upon the weight of titanium dioxide. 

If both an incompatible resin filler, preferably a polyolefin. and a particulate 

inorganic filler, preferably titanium dioxide, are present in the second layer it is 
20 preferred that the concentration of the particulate inorganic filler is in the range from 

1% to 30%. more preferably 1% to 15%, particularly 2% to 8%, and especially 3% to 

7% by weight, based on the weight of the second layer polyester. 

The components of the second layer compositions may be mixed together in 

conventional manner. For example, by mixing with the monomeric reactants from 
25 which the second layer polyester is derived, or the components may be mixed with the 

polyester by tumble or dry blending or by compounding in an extruder, followed by 

cooling and. usually, comminution into granules or chips. Masterbatching technology 

may also be employed. 

The second layer of a polymeric film according to the invention preferably 

30 exhibits a Deformation Index (Dl) of greater than or equal to 2.5%. and a preferred 

layer exhibits a Dl of not greater than about 50%. Preferably the second layer exhibits 
a Dl within a range of from 3.5% to 20%. and more preferably 4.0% to 10%. 
Particularly desirable performance is observed with a Dl of 4.5% to 7%. The Dl is the 
deformation, expressed as a percentage of the original thickness of the layer, observed 

35 when a film of the layer is subjected, at a temperature of 200«C. to a pressure of 2 
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Figure 2 is a similar schematic elevation of a polymeric film with a metal sheet 
on the remote surface of the second layer. 

Referring to Figure 1 of the drawings, the polymeric film comprises a first layer 
(1), having an opaque second layer (2) bonded to the first surface (3) of the first layer 
5 (1). 

The film of Figure 2 further comprises a metal sheet (4) bonded to the remote 
surface (5) of the second layer (2). 

The invention is further illustrated by reference to the following example. 
The following test procedures were used. 

10 1) The deformation index was measured using a thermomechanical analyser, 
Perkin Elmer, type TMA7, with a test probe having a surface area of 0.785 mm 2 . A 
sample of the polymeric film was introduced in a sample holder into the TMA7 furnace 
and allowed to equilibrate at the selected temperature of 200*C. The probe was loaded 
to apply a pressure of 0.125 megaPascals normal to the planar surface of the hot film 

15 sample and the deformation was observed to be zero. The load on the probe was then 
increased whereby a pressure of 2 megaPascals is applied to the sample. The. 
observed displacement of the probe under the increased load was recorded and 
expressed as a percentage of the thickness of the undeformed hot sample (under 0.125 
megaPascals pressure). That percentage is the Deformation Index (Dl) of the tested 

20 film material. The procedure was repeated four times with different samples of the 
same film, and an average value of the five measurements calculated. 

2) Film crystallinity was measured by Laser-Raman spectroscopy. 

3) Thermal shrinkage was determined by heating strips of film in an oven at 1 50°C 
for 30 minutes. The mean percentage change of 5 samples was calculated. 

25 Example 1 

Separate streams of a first layer polymer of polyethylene terepnthalate 
comprising 0.15% by weight of the polymer of china clay of average particle size 0.8 
urn, and a second layer polymer of a copolyester of 82 mole % ethylene tereohthalate 
and 18 mole % ethylene isophthalate comprising 12.5% by weight of the polymer of 

30 titanium dioxide of average particle size 1 urn, were supplied from separate extruders 
to a single channel coextrusion assembly. The polymer layers were extruded through a 
film-forming die on to a water cooled rotating, quenching drum to yield an amorphous 
cast composite extrudate. The cast extrudate was heated to a temperature of about 
80°C and then stretched longitudinally at a forward draw ratio of 3.2:1. The polymeric 

35 film was passed into a stenter oven, where the sheet was dried and stretched in the 
sideways direction to approximately 3.4 times its original dimensions. The biaxially 
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Claims 

1 . A polymeric film comprising a polyethylene terephthalate first layer having on a 
first surface thereof an opaque polyester second layer, wherein the melting point of the 
polyester material of the second layer is in the range from 20*C to 60°C less than the 

5 melting point of the polyethylene terephthalate of the first layer. 

2. A polymeric film according to claim 1 wherein the thickness of the second layer 
is greater than the thickness of the first layer. 

3. A polymeric film according to claim 2 wherein the ratio of the thickness of the 
second layer to the first layer is in the range from 2 to 1 0 : 1 . 

0 4. A polymeric film according to any one of the preceding claims wherein the 
thickness of the first layer is in the range from 1 to 15 urn. 

5. A polymeric film according to any one of the preceding claims wherein the 
second layer has a Transmission Optical Density in the range from 0.2 to 1.5. 

6. A polymeric film according to any one of the preceding claims wherein the 

5 second layer comprises an ethylene terephthalate/ethylene isophthalate copolyester. 

7. A polymeric film according to any one of the preceding claims wherein the 
second layer comprises an incompatible resin filler and/or a particulate inorganic filler. 

8. A polymeric film according to claim 7 wherein the particulate inorganic filler 

comprises titanium dioxide. 
:0 9. a polymeric film according to any one of the preceding claims wherein the 

degree of crystallinity of the second layer is in the range from 33% to 37%. 
1 0. A method of producing a polymeric film which comprises forming a polyethylene 
terephthalate first layer, providing an opaque polyester second layer on a first surface 
of the first layer, wherein the melting point of the polyester material of the second layer 
!5 is in the range from 20X to 60*C less than the melting point of the polyethylene 
terephthalate of the first layer. 



BNSDOCID; <WO 9615906A1_I_> 



WO 96/15906 



PCT/GB95/02681 




BNSDOC1D: <WO 9615906A1J_> 



INTERN ~ONAL SEARCH REPORT 



Internet " Application No 

PCT/ii6 95/02681 



I A CLASSIFICATION OF SUBJECT MATTER 

1 IPC6 B32B27/36 



> International Patent Qmflanon (IPQ orio 



both national classification and IPC 



B. CTPIX»S SEARCHE D — ___ 

Lmuntdoc^ianonaearc^ (daemon sy~m follow by creation symbols) 

IPC 6 B32B 



Documentation searched other than minimum 



documentation to the extent that 



t included in the fields searched 



Electronic data 



^ consulted durmg me mternauonalsear^ 



C. DOCU MENTS CONSIDERED TO BE RELEVANT 

Citation of document, with indication, where appropriate, of the 



Category 



EP.A.O 580 404 (TEIJIN LTD) 26 January 

seepage 12, line 57 - page 13, line 12; 
table 3 

comparative example 11 

US,A,4 606 976 (HENSEL HARTMUT ET AL) 19 
August 1986 

see column 2, line 17 - line 27 

see column 2, line 35 - line i51 

see column 2, line 62 - column 3, line 7, 

claim 9 



m 



Further documents are listed in the continuation of box C. 



' Special categories of a ted 

•A' document defining the general state of the art which is not 

considered to be of particular relevance 
•E* eariierdc<ummt out published on 



•i* rtgnnn^t which mav throw doubts on pne^y claim(«)or 
L ISS^ aS to establish the P^cation^ of m ^ X 

citation or other special reason (as specified) 
•O- document referring to an oral disclosure, use, exhibition or 



•P* document published prior to the international filing date but 
later than the priority date claimed 



Date of the actual 



of the international search 



8 February 1996 



of the ISA 

European Patent Office, P.a 5818 Patentiaan 2 
Fax ( + 31-70) 340-3016 



Ford PCT/QA/UO <tteand cheat) (July 19fZ> 



Relevant to claim No. 



1-10 



1,4-10 



m 



Patau family monben are lifted in 



n-nrioricv date and not m conflict with the apwicanon ° ul 
S^SiSSS the pnndple or theory umfciymg the 
invention 

•X- document of particular relevance; the dnn^imrennon 
ooc™^ i—Katocd novel or cannot be considered to 

an mve^iS^en the ctocument is taken alone 

-v- ~-.«««at of oarticular relevance; the claimed in* 0 * 00 . 
^ ca^^ coSo^uiUivolve an «ventije«epivt^ 
aSumenws combined with one or more 
gg^^eh combinanon being obvious to a person i 
in the art. 

member of the same patent family 



Date of mailing of the international search report 

18.02.1996 



Ibarrola Torres, 0 
page 1 of 2 



BNSDOCID: <WO 981 5908A1_I_> 



INTERNATIONAL SEARCH REPORT 



Interna- < Application No 

PCT/GB 95/02681 



C^Condnuation) DOCUMENTS CONSIDERED TO BE RELEVANT 
Category* I CiUDoo of document, with 



where appropriate, of the relevant passage* 



Relevant to claim No. 



DATABASE WPI 

Section Ch, Week 9404 

Derwent Publications Ltd., London, 

Class A23, AN 94-031446 

& JP.A.05 338 103 ( TORAY IND INC) 

December 1993 

see abstract 



1-10 



GB; 



21 



Fotm FCTytSAOlO 



BNSDOCID: <WO 9615906A1J_> 



I riMM) (July 1992) 



page 2 of 2 



EP-A-0580404 



26-01-94 



US-A-4606976 



19-08-86 



JP-A- 
JP-A- 
JP-A- 



6039979 
6039980 
6039981 



OE-A- 3414309 

EP-A.B 0164518 

Jp-C- 1838777 

Jp-A- 60234841 



15-02-94 
15-02-94 
15-02-94 

24- 10-85 
18-12-85 

25- 04-94 
21-11-85 



THIS PAGE BLANK (uspto) 



